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Abstract 

Formulas for transverse conductance in quantum collisional plasma are deduced. 
\ The kinetic equation in momentum space in the relaxation approach is used. It 

is shown, that at h — > the derived formula transfers to the classical one. It is 
shown also, that when electron collision frequency tends to null (i.e. plasma becomes 
collisionless), the conductance formula transfers in the known formula inferred earlier 
by Lindhard. 
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1 Plasma kinetic equations. 

1. BBe^emie 

B xoponio H3BecTHofi paGcyre MepMHHa [I] Ha ocHOBe aHajiroa HepaBHOBec- 
hoh MaTpimBi njioTHOCTH b r - npii6jm>KeHHii 6bijio nojiyneHO BBipa>KeHHe 

flJISI npOflOJIbHOH flHSJieKTpHHeCKOH npOHHU,aeMOCTH KBaHTOBOft CTOJIKHOBH- 

TeniJibHofi njia3Mbi. 

PaHee b pa6oTe JlHHflxapfla [2] 6bijiH nojiyneHbi Bbipa>KeHH5i fljisi npo- 
flOJibHoii h nonepeHHoft flrojieicrpHHecKOH npoHHHaeMOCTH KBaHTOBOft 6ec- 
CTOJiJiKHOBHTejibHoft njia3Mbi. 3aTeM KjiHBep ii OyKC noKa3ajiH [3], hto npsi- 
Moe o6o6m,eHHe (popMyii JIiiH^xapfla Ha cjiyHaft CTOJiKHOBiiTejibHoft njia3Mbi 
(nyTeM 3aMeHbi u — > oj + i/r) HeKoppeKTHO. 3tot He^ocTaTOK rjisi npo^ojib- 
hoh ^HSjieKTpHHecKoii npoHHii,aeMOCTH 6biji npeoflOJieH b pa6oTe MepMHHa 
PQ. B TO)Ke caMoe Bpeivia HacT05iiHero BpeivieHH He iiMeeTC5i KoppeKTHoro 
Bbipa>KeHH5i ,zi,jih nonepenHOH ^HSJieKTpHHecKOH npoHimaeMOCTH /yra cjiynaa 
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Bbipo^fleHHoft KBaHTOBoft CTOJiKHOBHTejibHoft njia3Mbi. Ilejib Haeroflmeft pa- 
6oTbi — BocnojiHHTb 3TOT npo6eji. 

CBOHCTBa sjieKTpHHecKoft npoBOflHMOCTH h flHSjieKTpHHecKoft npoHHuae- 
mocth no cpopMyjiaM, BbiBefleHHbiM JlnHflxapflOM [2], noflpoSHO H3ynajiHCb b 
MOHorpacpHH [3]. B pa6oTe [5] nonepeHHaa flHSjieKTpHHecKaa npcmimaeMOCTb 
KBaHTOBoft njia3Mbi npHMeHHjiacb b Bonpocax Teopii CKHH-scpcpeKra. B Ha- 
CTOHinee BpeMH pacTeT HHTepec k royHeHiiio pa3JiHHHbix cbohctb KBaHTOBoft 
njia3Mbi (cm, Hanpniviep, [S]-[II]). OcoGeHHO cjie,zryeT OTMeraTb pa6oTy J]jk. 
MaHcppe^H [T2], nocB^meHHyio iiccjieflOBaHHio ajieierpoMarHHTHbix cbohctb 
KBaHTOBoii njia3Mbi. 

^HSjieKTpHHecKaH npommaeMOCTb njia3Mbi onpeflejiaeTCH sjieKrpiiHecKoft 
npoBOflHMOCTbio njiasMbi. IlosTOMy CHanajia mm paccMOTpHM nonepenHyio 

SJieKTpHHeCKyK) IipOBOflHMOCTb KBaHTOBOH CTOJIKHOBHTejIbHOft njia3Mbi. 

1. KHHeTHHecKoe ypaBHetme ^jih MaTpnijbi njioTHOCTH 

EtycTb BeKTopHbift noTeHH,Haji sjieKTpoMarHHTHoro nojra hbjihctch rapMO- 
HHHecKHM, T.e. H3MeH5ieTC5i KaK A = A(r) exp(— iut) . Mbl paccMaTpHBacM 
nonepenHyio npoBOflHMOCTb. IlosTOMy BbinojiFraeTCH cjieflyiomee cooTHOine- 
Hiie divA(r, t) = 0. CB5i3b MOK/ry BeKTopHbiM noTeHnnajiOM h Hanpa>KeH- 
HOCTbio sjieKTpHHecKoro nojra flaeTca cjie/ryiomHM Bbipa:>KeHHeM 

A(q) = --E(q). 

u 

PaBHOBecHa^ MaTpima iijiothocth HMeeT cjie/ryioinHft bh^ 

p = s(e f -h). 

Sflecb Q(x) - (pyHKn;H5i XsBucaft^a, 



G(x) = 




x > 0, 
x < 0, 



Ep - SHeprira sjieKrpoHa Ha noBepxHOCTii OepMii, KOTopaa CHHTaeTca ccpe- 
_, mvp 

piinecKoft, hp = , vp - CKopocTb sjieKTpoHa Ha noBepxHOCTH QepMH, 

2 

m - Macca sjieKTpoHa, H - raMiuibTOHiiaH. 

B jiHHeftHOM npii6jiH>KeHiiH raMHjibTOHiiaH HMeeT cjie^yioinHft Bn,n 

g= (p-(e/c)A)' = ^__g_ &>A+ } 
2m 2m 2mc 
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S^ecb p - onepaTop HMnyjibca, p = —iKV, e - sapsijj, sjieKTpoHa, c - 

CKOpOCTb CBeTa. 

Cjie^OBaTejibHO, mm MOxeM npe^CTaBHTb stot raMHjibTOHnaH b Bn^e cyM- 
mm flByx onepaTopoB H = Hq + Hi, rjj,e 

Bo3bMeM KHHGTiiHecKoe ypaBHeHHe (pOH HeiiMaHa— BojibinviaHa fljra MaT- 

pHH,M njIOTHOCTH 

dp 

rjj,e B[p, p] - HejiHHeHHbift HHTerpaji ctojikhobghiih BojibinviaHa, [H,p] = 
Hp — pH - KOMMyTaTop, h - nocT05iHHasi BojibinviaHa. 

3aMeHHM B 3TOM ypaBHGHHH HGJIHHGHHblH HHTerpaji CTOJIKHOBeHHH B[p, p] 

Ha MO^ejibHbiH HHTerpaji ctojikhobghhh pejiaKcaHHOHHoro THna 

M[ P ] = tUL. 

T 

3jj,ecb v = 1/t - scpcpeKTHBHaa nacTOTa ctojikhobghhh nacTHH, njiasMbi, r 
- xapaKTepHoe BpeM5i Me^K/jy jjByM5i nocjieflOBaTejibHbiMH CTOJiKHOBeHH^MH, 
p - paBHOBecHaa MaTpnua hjiothocth. 

TaKoii HHTerpaji ctojikhobghhh Ha3biBaiOT HHTerpajiOM CTOJIKHOBeHHH TH- 
na BrK (Bxaraarap, Tpocc, Kpyx) [13]. He3aBHCHM0 ot [T3] stot HHTerpaji 

CTOJIKHOBeHHH 6bIJI BBefleH B [14]. 

B pe3yjibTaTe yKa3aHHOH 3aMeHbi nojiynaeM SBOjnoirnoHHoe KHHeTnnecKoe 
ypaBHeHHe, BBe^eHHoe MepMHHbiM [I] Bo3bMeM KHHeTnnecKoe ypaBHeHHe 

JJJI5I MaTpHHbl njIOTHOCTH B t - npn6jiH>KeHHH 

ih^ = [H :P ] + ih^. (l.i) 

B jiHHeftHOM npn6jiH>KeHHH no BHeniHeiviy nojno mm nmeM MaTpnny njiOT- 

HOCTH B BHfle 

P = pP> + pV. (1.2) 

3jj;ecb p^ - nonpaBKa (B03MymeHne) k paBHOBecHoii MaTpnire njiOTHO- 
cth, o6ycjiOBjieHHa5i HajinnneM sjieKTpoMamHTHoro nojia, p^ - paBHOBecHaa 
MaTpnna hjiothocth, OTBenaioiHasi "paBHOBecHOMy" onepaTopy TaMnjibTOHa 
H , r.e. p® = e(E F -H ). 
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IlpeflCTaBHM paBHOBecHyio MaTpnny njiOTHOCTH p b cjieflyiomeM BH^e 

p = fF s > + iF>. (1.3) 

PaCCMOTpHM KOMMyTaTOp [H, p] . B JIHHeHHOM npil6jIH>KeHHII 3T0T KOM- 

MyTaTop paBeH 

[H,p] = {H ,pM] + {H 1 ,pP)] (1.4) 

H 

P,p] = 0. (1.5) 

^Jlfl KOMMyTaTOpOB H3 npaBoii nacTH paBeHCTBa (1.4) MBI HaXOflHM 

(k^Ho, p^]\k 2 ) = (E kl - £ k2 )/5 (1) (k! - k 2 ), (1.6) 



ft°)]\k 2 ) = (/ k2 - / kl )(k 1 |// 1 |k 2 ) = 



e 



2mc 

r^e 



(/ k2 -/ kl )(k 1 + k 2 )A(k 1 -k 2 ), (1.7) 



h = 0(E F -E k ), E k = ^, p = hk. 

2m 

Ife cooTHoniGHiiii (1.3)— (1.7) BbiTexaeT, hto 

C noMom,bio cooTHOineHHH (1.2)— (1.4) mm jiHHeapH3yeM KHHeTHnecKoe 
ypaBHeHiie (1.1). riojiynaeM cjieflyiomee ypaBHeHHe 

ih ^r = [H{h p{l)] + [Hh ~ p{0)] + lhu{p[l) ~ 9 } - (L9) 

3aivieTHM, hto B03Mym,eHHe ~ exp(— iut), Tor^a ypaBHeHHe (1.9) npn- 
HHMaeT cjie^yiOH^HH bh^ 

h(u> + iis)p {1) = [H , p {1) ] + [H h p(°)] + z/u/p* 1 ). 

OTCio^a cjie^yeT, hto 

^(o; + ^)<k 1 |p( 1 )|k 2 ) = (k 1 |[ J f/ ,/ ) ]|k 2 ) + 

+<k 1 |[# 1 ,p(°)]|k 2 ) +ihv{k l \~p^\k 2 ). (1.10) 



HeTpyflHO BIIflGTb, HTO 

(k 1 |[^ ,P (1) ]|k 2 > = (E kl - ^Xkxlp^lka) = 

= (^ kl -^k 2 )p (1) (ki-k 2 ). (1.11) 
IloflCTaBHM b (1.10) paBeHCTBa (1.11) h (1.7). B pe3yjibTaTe 6yn,eM HMeTb: 

[n(w + ii/) - E kl + £; k2 ]p (1) (ki - k 2 ) = 

eh 



2mc 



(/ kl - / k2 )(ki + k 2 )A(ki - k 2 ) + ife/pWfki - k 2 ). 



ripeo6pa3yeM Tenepb ypaBHeHne (1.12) c iicnojib30BaHneM paBeHCTBa (1.8) 
k ypaBHeHHio, H3 KOToporo HaXOflHM 

eh 



pWfa - k 2 ) = -— tf(ki, k 2 )(/ kl - / k2 )(kx + k 2 )A(ki - k 2 ). (1.12) 



ryje 



2mc 



K(ki,k 2 ) = 



ki 



zTu/ 



(£ kl - E k2 )[E kl - E k2 - h(u + iv)] 

B ypaBHeHHH (1.12) mm iiojiojkhm ki = k, k 2 = k — q. Tor^a 
(k 1 |p( 1 )|k 2 ) = <k|p«|k-q>=p«(q) = 



eh 



2mc 



A:(k,q)(A-/ k _ q )kA(q). 



(1.13) 



B (1.13) o6o3HaHeHO 
K(k,q) = 



£ k - #k q - ^ 



(#k " #k-q)[£k " #k q " H(U + 21/)] ' 
2. IIjIOTHOCTb TOKa 



IljiOTHOCTb TOKa j = j(q, u, v) onpeflejisieTCfl KaK 



dk 



8n 3 m \ 2 



k-S 



(p - -A)p + p(p - - A) 

c c 

rioflCTaBjiHH (1.3) b noflbiHTerpajibHoe BbipajKemie H3 (2.1), HMeeM 

e . x , e 



k+^ 

2 



;p - -a) p + p( P - -a) 

c c 



= <k + 



q 



-(ApW + p^A) 



q 

2 



(2.1) 
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HeTpy^HO noKa3aTb, hto 



2 



PP {1) + ^ (1) p 



k-|) = 2^ 1 )(q), 



(k + 3 | A p<°> + k - 3) = A (q) [p<°>(k + 3) + p(o) (k _ Sj 

CjieflOBaTejibHO, BbipajKeHiie fljra iijiothocth TOKa HMeeT cjieflyioiijHH bh^ 
j = 



mc 



+eh f * ( k + S 

/ 47r 3 m \ 2 



(i) 



IlepBbie flBa HjieHa b stom Bbipa>KGHHii paBHbi Apyr Apyry 

dk n(o)n, _u = / ^LnWn, _ - ^ 

2 ' 



J 8n* P [ + 2 } ~ J 8ir* P (k 2 j 



r^e TV - HHCjiOBaa njiOTHOCTb (KOHu,eHTparj,H5i) njia3Mbi 
Cjie^OBaTejibHO, njiOTHOCTb TOKa paBHa 

e 2 N . , , , f dk 



J = 



mc 



■A(q) + eft / 



-k/k ^ 

47r 3 ra \ 2 



a; 



(2.2) 



IlepBoe cjiaraeMoe b (2.2) ecTb He hto HHoe, KaK Kajiii6poBOHHa5i iijiot- 

HOCTb TOKa. 

C noMom,bio OHeBHflHoii 3aivieHbi nepeMeHHbix BbipajKeHiie (2.2) mo>kho 
npeo6pa30BaTb k BH/ry 

e 2 N . , x ^ /* dk 



-A(q) + eft / 



-k(k 



P 



(i) 



q 



(2.3) 



mc J 47r 3 m 

B cooTHOineHHH (2.3) no^biHTerpajibHoe BbipajKeHiie flaeTca paBeHCTBOM 
(1.13). rioflCTaBjiira (1.13) b (2.3), nojiy^aeM cjie^yiomee BbipajKeHiie fljra 

njIOTHOCTH TOKa 



J = 



e 2 N 



A(q) 



e 2 ft 2 
m 2 c 



kdk 



[kA(q)]i^k,q)(/ k -/ k _ q ). 



(2.4) 



mc m^c J 47r 3 

HanpaBHM ocb x B^ojib BeKTopa q, a ocb y B^ojib BeKTopa A. Tor^a 
npeflbiflymee BeKTopHoe BbipajKeHiie (2.4) mojkct 6biTb nepenncaHO b Bii^e 
Tpex CKajiapHbix 

e 2 N A , . e 2 h 2 A(q) f dk , 9 
J y (q,w,i/) = -— A(q) ' 



mc 



m 2 c 



/ 0*J«(k.q)(A-A-,) 
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H 

Ohgbh^ho, hto 

/rj\r r rj\r 

— 3 kl K(k, q) (A - / k _ q ) = J A'(k, q) (/ k - / k _ q ) . 

CjieflOBaTejibHO 



^ 2 i^(k,q)(/ k -/ k _ q ) = 



= - 2 J A'(k,q)(/ k -/k- q ) 5 J ^j(k 2 -^) A'(k,q)(/ k -/ k - q ). 

OTCKDfla Mbl 3aKJIK)HaeM, HTO Bbipa>KeHHe flJIH njIOTHOCTH TOKa MOJKHO 

npe^CTaBHTb b cjie^yiomeH HHBapiiaHTHoii cpopivie 

j = A(q) - --—-A(q) / cflcAT(k,q)(/ k - / k _ q )k?, (2.5) 



rfle 



k i- 2 -(?) 2 



IlpeflCTaBHM sippo i^(k, q) b bh^g cyMMbi flByx cjiaraeMbix 
AT(k,q) = + 



E k - E k q {E k - £ k _ q ) [£ k - £ k q - h(u + ii/)] ' 

C noMOin,bio SToro pa3Jio>KeHHH npe^CTaBHM njiOTHOCTb TOKa b cjie^yiomeM 
BHfle: 

J " mc Mq) S^mc J E k - E k ^ L ^ 

^ A(q) f 7 (A ~ ij^Mg (2>6) 



87r 3 m 2 c (E k -E k _ q )[E k -E k _ q -^(o; + 2V)] 

IlepBbie flBa HjieHa b npeflbi^ymeM cooTHoniGHiiii (2.6) He 3aBiiC5iT ot Ha 
ctotm u h onpeflejiHiOTCH flHCCHnaTHBHbiMH CBoiicTBaMH MaTepnajia, onpe- 
^ejisieMbiMH nacTOToii CTOJiKHOBeHHH v. 3th HjieHbi 5ibji5ik)tc5i ymiBepcajib 
HbiMH napaivieTpaMH, onpe^ejraroiuHMH ^HaMarHeTHBM JIaH/jay. 

3. IlonepeHHaa 3JieKTpHHecKaa npoBO^HMOCTb h 
,zi,H3JieKTpHHecKaa npoHHii,aeMOCTb 
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yHHTblBafl CB5I3b BGKTOpHOrO nOTeHHHajia C Hanp^>KeHHOCTbK) sjieKTpo- 

MarHHTHoro nojra, a TaK>Ke CB5i3b hjiothocth TOKa c 3jieKTpHHecKHM nojieM, 
Ha ocHOBaHHH npeflbiflymero cooTHOineHHH (2.5) nojrynaeM cjieflyiomee bbi- 
pa>KeHHe HHBapiiaHTHoro BH^a fljia nonepeHHoii sjieKTpHHecKOH npoBO^HMO- 

CTH 

°tr = + ^r^r \ K(k, q)(/ k - / k _ q )kidk. (3.1) 

mu 8n 6 m z u J 

Bbi^ejiaa b (3.1) CTaTHnecKyio npoBOflHMoerb ctq = e 2 N/mv, nepenHineM 



(3.1) B BHfle 



^0 



CO L 



1 + 



h 2 



87r 3 mN 



X(k,q)(/ k -/ k _ q )k^k 



(3.2) 



Ha ocHOBaHHH (3.2) HamiineM Bbipa>KeHHe fljra nonepeHHoii fliisjieKTpii- 
necKOH npoHHn;aeMOCTH 



cot 



£tr — 1 1 



1 + 



ft 2 



87r 3 miV 



AT(k,q)(/ k -/ k _ q )kidk 



(3.3) 



Ecjih Bocnojib30BaTbC5i pa3Jio>KeHiieM a^pa Ha ajieMenrapHbie flpoGn 
zi/ 1 w 1 

iqk,q) = 



uj + iv E k — E k q cj + zV E" k — i? k q — + zV) ' 

to fljia nonepeHHoii sjieKTpHnecKOH npoBO^HMOCTH (3.1) h flHSJieKTpHnecKOH 
npoHHH,aeMOCTH (3.2) mm HMeeM cjie/ryioiHHe flBa HBHbix npeflCTaBjieHH^: 

a tr _ iv / ^ wJ w + zV J„' 

H 



u;: 



cj + zz/ 
wJ w + z'z/J^ 



(3.4) 



cj + zV 



(3.5) 



B paBGHCTBax (3.3) h (3.4) BBe^eHbi o6o3HaHeHH5i: 

h 2 f (/k - /k-q^dk 



H 



8jr s mN , 
ft 2 



£k - -E"k- q - + ^ 



/k /k - q -kidk. 



87r 3 miV j £ k - £ k q ' 
E[peo6pa3yeM sth HHTerpajibi k cjie^yioiHeMy BH^y: 

h 2 f [2E k - (£ k _ q - E k+q )}f k k 2 ± dk 



87T 3 mN J [E k - E k q - h(u + iv)} [E k - E k+q + h(u + iv)} 



, (3.6) 
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Jv ~ 8^mN J (E k - E k ^)(E k - E^^ ^ 

BiviecTO BeKTopa k BBe^eivi 6e3pa3MepHbm BeKTop P cjie^yioinHM paBeH- 

_ k , ; mvp 

ctbom P = - — , r^e kp - BOJiHOBoe hhcjio OepMii, kp = — — . 

kp h 

Tor^a 

k 2 ± dk = (k 2 - k 2 x )d 3 k = k F (P 2 ~ P%)d 3 P = k F P 2 d 3 K, 

ryje 

Pl = P 2 - P 2 = P 2 + P 2 Z . 
ripeo6pa3yeM HHTerpajibi (3.6) h (3.7). B sthx HHTerpajiax 

„ h 2 k 2 h 2 k 2 p ~ mv 2 p ^ 9 „ ^9 

E k = = ^P 2 = — ^P 2 = EpP , 

2m 2m 2 

Tq 2m 2m v ^ ; ' k F J 

I - 6e3pa3MepHoe BOJiHOBoe hhcjio. 
Tenepb nojiynaeM 

Ek — Ek q = 2E F l(P x — -), E k — E k+(l = —2E F l(P x + -), 



2E k — (E k ^ q — E k+q ) = —2E F l 2 . 

AHajioriiHHO, 

E k - E k q - h{u + iv) = 2E F l{P x 

I z 

E k - E k+q + h(u + iv) = -2E F l(P x + - - y). 

C noMom,bio 3thx cooTHoniGHHH npeo6pa3yeM HHTerpajibi (3.6) h (3.7). 
HivieeM: 

h F [ fkPld 3 P _ k F f f k P 2 d 3 P 



JuJ 8tpW J (P x - z/lf - (//2) 2 ' Jv 8ttW J PI - (//2) 2 ' 

B 3THX Bbipa>KGHH5IX 

uj + iv to v 
z = — = x + iy, x = - , y = 



kpvp kpvp '" /.'/./•/•• 
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3aMeTHM, hto fljiH Bbipo^fleHHoft njia3Mbi BbinojiHHeTCH cooTHonieHHe 
k F = 37r 2 iV, f k = 0{E F - E k ) = 6(1 - P 2 ). nosTOMy HHTerpajibi (3.6) 
h (3.7) ynpomaiOTCH: 



Jut — „ 



6(1 - P 2 )P 2 d 3 P 3 f 6(1- P 2 )P 2 d 3 P 

SttJ (P x -z/l) 2 -(l/2r V ~^J P 2 ~(l/2) 2 ' 



9th HHTerpajibi jierKO bbihhcjmiotch: 



P 2 d 3 P 



1 - t 2 ) 2 dt 



8tt J (P x - z/l) 2 -(//2) 2 16 J {t- z/l) 2 -(//2) 2 
p 2 <i -i 



3 

16 



3' + I 2 + 2 + / 



1 I 2 ) + 16 2 + ' 2 



10 4z 2 I 2 lr/ z 2 \2 / 4 / 2 3z 2 ] l (l-//2) 2 -z 2 // 2 



In 



;i + ^//) 2 -/ 2 /4 



Tl 



H 



4 



pU 3 p 



(1 - z//) 2 - / 2 /4 



l + 2//) 2 -/ 2 /4 



1 - * 2 ) 2 ^ 



8tt 7 Pj-(//2) 2 8 7 £ 2 -(//2) 2 

o 



5 / 2 (/ 2 -4) 2 2-/ 

- H h — In 

3 4 16/ 2 + 1 



IlpoBepHM BbinojiHeHne o/iHoro H3 cooTHonieHHft, Ha3biBaeMoro npaBiuiOM 
/-cyMM (cm., Hanpniviep, [4], |TS] n |H)]) fljia nonepeHHoft flirajieKTpiiHecKoii 
npoHHn,aeMOCTH (3.5). 9to npaBHjio Bbipa>KaeTCsi (popMyjioft (4.200) H3 mo- 
HorpacpHH 



oo 



J £* r (q, co, v)ujdu) = ttcj 2 , 

— oo 

r^e ujp - njia3MeHHaa (jieHrMiopoBCKaa) HacTOTa, 



(3.8) 



LOp — 



'47re 2 N 



m 



KaK noKa3aHO b [T5] , ^jth ^OKasaTejibCTBa cooTHonieHHe (4.1) ^ocTaTOHHO 
flOKasaTb BbinojiHeHne npe^ejibHoro cooTHOineHrra 

,2 



2 + °{~2 



a; — > oo. 



(3.9) 



11 



Bocnojib3yeMC5i Bbipa^emieM (3.5) fljra nonepenHoii sjieKTpiiHecKoft npo- 
bo^hmocth. H3 (popiviyjibi (3.5) fljiH npoBOflHMOCTH h cpopiviyji (3.6) H (3.7) 
HHTerpajiOB J u ii J v bh^ho, hto nonepeHHaa npoBO^HMOCTb yn,OBjieTBO 
paeT npe^ejibHOMy cooTHOineHHio (3.9). 

TaKHM o6pa30M, npaBHjio /-cyMM [15] fljra nonepeHHoft j^rojieicrpiiHecKoii 

npOHHU,aeMOCTH KBaHTOBOH CTOJIHOBHTejIbHOH njia3MbI BbinO JIH5ieTC5I . 

Tenepb npe^CTaBiiM (popiviyjiy (3.4) jj,jih nonepenHoii npoBOflinviocTH b hh- 
TerpajibHOH (popivie 

<Jtr = iy 3y 2 j(_l^t 2 ) 2 dt , 



8£ 2 (l + M//:r) J t 2 -q 2 /4 



My 



l-t 2 ) 2 dt 



16{x + iy)J (t-z/q) 2 -q 2 /4 

-l 

IlepenHnieM (popiviyjibi (3.4) h (3.5) b 6e3pa3iviepHbix napaivieTpax: 



°tr _ W A | g + 
do x\ x + iy 



ii 



£tr = 1 - ~f 1 + — 

ar v x + ly 



3pfiCb x p = 



Ta. 



6e3pa3MepHa5i njia3MeHHa5i (jieiinviiopoBCKasi) nacTO- 



fljra cpaBHeHHa npeflCTaBHM (popiviyjiy iliiH/jxapfla [2] b Haninx o6o3Ha- 
Herorax cjie/jyiomiiM o6pa30M 



Lin 
tr 



(3.10) 

(JO X 

H3 cooTHOineHHH (3.4) ii (3.10) bh^ho, hto MHiiMbie HacTii nonepe^Hbix 
sjieKTpHHecKHx npoBO^HMOCTeii ii3 HacTOHineft pa6oTbi h h3 pa6oTbi JIhh- 
flxap^a npn y — > coBna^aiOT: 



lim Im (j+r = Im a 



Lin 
tr i 



Im o% n = 



e 2 N 



mco 



l + Jc 



IlpeflCTaBHM (popiviyjiy fljra nonepeniioii sjieKTpiinecKOH npoBOflinviocTii b 
5IBHOM Bii^e: 



^0 




5 g z , (g 2 -4) 2 , 2 



3 + 4 + 



16g 



In 



q 



2 + q. 



+ 



3x 
16z 



10 4z 2 
— + 



12 



q 2 1 
2 q 



A 2 ^ 
a 2 / 16 



3^ 



2 + 2 



In 



'I - q/2 



) 2 - , 2 /g 2 



~2 



4 



In 



'1-Zs 



(1 + z/g) 2 - q 2 /4 
) 2 - g 2 /4" 



(l + z/qy-q 2 /4\ f 



4. MacTHbie cjiynan 3JieKTpHHecKOH npoBOflHMOCTH 

Hccjie^yeM nacTHbie cjiynan sjieKTpiiHecKoii npoBO^HMOCTii. Bo3bMeM (pop- 
Myjiy (3.4) h npeo6pa3yeM ee k Bii^y 



CT CJ 



1 + 



3cj 



3zV 



87r(o; + 



e(i - p») - eg - (p - g)») 2 3 

P±d P+ 



e(i - p 2 ) - e(i - (p - q« pi(J 3 p 



(4 1) 

<&Tt(l0 + iv)q J P x -zjq-q/2 
rioflbiHTerpajTbHbie Bbipa>KeHH5i b 9thx HHTerpajiax co^ep>KaT 4>yHKiii-iK> 

^q) = 6(l-P 2 )-e(l-(P-q) 2 ). 

B jihhghhom npn6jiH>KeHHH mm nojiynaeM 

ip(q) = -25(1 - P 2 )P x q = -5(1 - P)P x q. 

Tenepb BbipajKemie (4.1) ynpom,aeTca 



a u 



1 



3iv 



8ir(u + iv)J P x -q/2 



3aMeTI-IM, MTO 



3ui f P x 5(l - P)Pld 3 P 
8tt(w + iv) J P x - z/q - q/2 

^Js(l- P)(P 2 - P 2 x )d'P = 1. 



(4.2) 



(4.3) 



Cjie^OBaTejibHO, BbipajKeHiie (4.2) mojkct 6biTb npeo6pa30BaHO k cjie^y- 
iomeMy BH^y 

f 5(1- P)(P 2 - P 2 )d 3 P 



(T LO 



Siisq 



co + iv 167t(cj + iv) 



P x ~ q/2 



3uj f PJ(1- P)(P 2 - P 2 )d 3 P 
8tt(cj + iv) J P x - z/q - q/2 



(4.4) 
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Tenepb H3 (popMyubi (4.4) bh^ho, hto npn q — > 

iv 

&tr = — CO? 

h npn w = Mbi nojrynaeM b tohhocth CTaTnnecKyio npoBOflHMoerb: ot r = 
IloKa>KeM Tenepb, hto npn Majibix q Bbipa>KeHHe (4.4) npnBOflHT k H3BecT- 

HOMy Bbipa>KeHHK) flJIH npOBOflHMOCTH BbipOJKfleHHOH (pepMHeBCKOH njia3Mbi. 

B caMOM flejie, 3aivieTHM, hto npn Majibix q nepBbiii nnrerpaji H3 (4.4) npo- 
nopn,noHajieH g 2 .OT6pocHM stot HHTerpaji. B 3aMeHaTejie BToporo HHTerpa- 
jia npeHe6peraeM hjichom q/2 : n6o q/2 <C \z\/q. B pe3yjibTaTe ^jih Majibix q 
nojiynaeM: 



O"0 UJ + iv 



_3_ [ 6(1-P)P 2 _ 2 3 
^ Sir J P x -z/q (F W 



(4.5) 



riojib3ysiCb CHOBa paBeHCTBOM (4.3), Ha ocHOBaHnn (4.5) npnxoflHM k cjie- 
^yioineMy BbipajKeHnio 



3y [ 6(1 - P)(P 2 - P£ « 



l 



cr %irq J P x -q/2 



d 6 P, 



KOTOpOe npHBOflHT K H3BeCTH0My Bbipa>KeHHK) SJieKTpnneCKOH npOBOflHMOCTH 

b BbipojKfleHHon (pepMHeBCKOH njia3Me 



^lassie = __^_u i = rpi — + (z 2 - q z ) In — *- . (4.6) 



1 

,2 



4q J fi — z 4q 

-l 



2 ^ , / 2 2m ^-9' 



Ha pnc. 1-8 npeflCTaBHM cpaBHeHHe MO^yjien flencTBHTejibHOH h mhhmoh 
nacTen Tpex sjieKTpnnecKnx npoBOflHMOCTen. O^Ha H3 sthx npoBO^HMOCTen 
BBe^eHHa b HacTOHmeii pa6oTe (sto (popiviyjia (3.4) n KpnBbie "1" Ha pncyH- 
Kax), BTopaa — 3to npoBOflHMOCTb JlHHflxap^a (cpopMyjia (3.10) h KpnBbie 
"2"), TpeTba npoBO^HMOCTb — 3to KjiaccHHecKan npoBOflHMOCTb ((popiviyjia 
(4.6) n KpnBbie "3"). llpeflCTaBHM Ha pnc. 9 n 10 3aBHCHMOCTb fleiiCTBH- 

TejIbHOH H MHHMOH HaCTeil SJieKTpHHeCKOH npOBOflHMOCTH, BBefleHHOH B Ha- 

CTOHmeii pa6oTe, ot 6e3pa3MepHon naeroTbi KOJie6aHHH u npn pa3JiHHHbix 
3HaneHHnx 6e3pa3MepHoro BOJiHoro nncjia q. 



5. 3aKJiK)HeHHe 
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B HacTOHineft pa6oTe BbiBe^eHa cpoptviyjia fljra sjieKTpiiHecKoii npoBO^H- 

MOCTH B KBaHTOBOH CTOJIKHOBHTejIbHOH njia3Me. fljlfl 3TOH uejin Hcnojib3yeT- 

C5i KHHeTH^ecKoe ypaBHemie c HHTerpajiOM ctojikhobghhh b qbopMe pejiax- 
can,HOHHOH MO^ejiH b npocTpaHCTBe HMnyjibcoB. BbippjisieTCsi h HCCJie^yeT- 
C5i cjiyHafi BbipojKfleHHOH qbepMHeBCKoft njia3Mbi. lIpoBOflHTCfl rpacpHnecKoe 
cpaBHeHne npoBOflHMOCTH H3 HacTO^meft pa6oTbi c npoBOflHMOCTbio no JIhh- 

flXapfly H C KJiaCCHHeCKOH npOBOflHMOCTbK). 




0,3 0,6 x 



Fig. 1. Dependence of \a tr /cFo\ on quantity x; y = 0.1, q = 0.5. 
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lm(cT tr /cr ) 




Fig. 4. Dependence of Im (atr/^o) on quantity x; y = 0.1, q = 1. 




Fig. 5. Dependence of Re (atr/vo) on quantity q; x = 0.1, y = 0.01, ^ q ^ 0.2. 



17 



lm ( CT t/ CT o) 




Fig. 6. Dependence of Im (o" tr /e>"o) on quantity q; x = 0.1, y = 0.01, ^ q ^ 0.2. 



Re(cr t /cT ) 




0,3 0,6 0,9 



Fig. 7. Dependence of Re (ov/oo) on quantity x; q = 0.5, y = 0.01. 
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lm (<V CT o> 




Fig. 8. Dependence of Im (o" tr /cr ) on quantity x; q = 0.5, y = 0.01. 



Re(cT r /cT o ) 




0,3 0,6 



Fig. 9. Dependence of Re (<J tr /a ) on quantity x; y = 0.01, curves of 1, 2, 3 correspond to 

values of parameter q: q = 0.1, 0.25, 0.5. 



19 



lm ("V CT o> 




0,3 0,6 



Fig. 10. Dependence of Im (cr tr /ao) on quantity x; y = 0.01, curves 1, 2, 3 correspond to 

values of parameter q: q = 0.1, 0.25, 0.5. 
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